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MATERIALS LOSS-DETECTION SENSITIVITIES USING
PROCESS-GRAPE MEASUREMENTS AT AGNS BNFP

ABSTRLCT

Process quality meas!lrement data from cold runs at AGNS

BNFP are used to demonstrate near-real-time accounting and to

evaluate contactor inventory estimation techniques.

Process-grade measurements are used to close hourly materials

halancesa Loss-detection sensitivities for 1 day of between 4

and 18 kg uranium, at 500 detection probability and 2.50

false-slam probability, are calculated for aelecteL accounting

areas. Pulsed-column inventory estimators are used to calculate

an inventory that is 1-35% lower than column dump measurements.

loss-detection serlsitlvity could be improved by incorporating

on-l~ne wnste stream measurements, improving laboratory

measurements for procesh streams, and refining the pulsed-column

inventnry entlmtites.

1. TN’I’PC)DUPI’TON
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0)..q+-~ve~for theEe miniruns were to demonstrate near-real+illl~

accounting (NRTA) concepts and principles, tO evaluate advanced

data analysis techniques and materials loss-detection, and to

develop estimation techniques for contactor Inventories. We

xeported on the development. of NRTA concepts and gave examples

of NRTA results for the first five miniruns [1-31. In this

paper, we give estimates of NRTA materials loss-detectior.

eensitivit~.es for different portions of the procmss and compare

column inventories calculated using a linear p~~lsed-colurnnmodel

with column dumps.

2. MINIRUN HISTORY AND DESCRIPTION

In 1977 AGNS, under the

development and testing of a

sponsorship of DOE, began the

computerized Nuclear Material

~ontrol and Acc{wntlnq System (C?W’AS) [4]. Initial work on

cWMC.AS involved the entire chemical separations lint=and focuned

on cnmputt?rizntion of meaauremf?ntp mt?awrement controll and

accounting procedures for “convi?ntional”accounting.

(“(%nventicmal “ nccountina is th* meanurcmc?nt

outputg for a mnterial~ Mlance area, coupled With

clenr,c)ut.and physical invcntnry t.oclone the mater:

An on-lin~ meanurrnmnt and rt~m]mterrnpnhllit.
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variables to estimate the quantity of material in process.

These experiments were initially conducted for the entire

process, but by 19R9 reduced funding required AGNS to find a

less costly mode of testing. Because of the widespread and

continuing interest in computerized nuclear materiala control

and near-real-time accounting methods, the minirun concept was

devtsed.

The minirull cycle (Fig. 1) consists of four pulsed-column

contactcrs (2A, 20, 3A, and 3B); concentrator (3P); and seven

product, feed, and blending ttinks. Support systems include

aqueous waste tanks, a waste evaporator and acid fractionator, a

salvent surge and recycle tank, an c,ff-gas system, and

associated process and chemical distribution systems. Thi,s

represent a good cross section of routinely used plant

equipment for development of improved materials cnntrol and

accnu>ti~q methods. Y modified Purex ,molvent-extraction

flr,w~heet iS lised with llnirradiated nntural Ur?,nillm in place of
●

plutonium for the tests.

The normal startinp in~entory for ench run waa 400-5CJ0 kg

of uranj.um. After attaining equilihriwn, a “pr,~cessinventory”

(PulsFd columns, lines, product evaporator) of about 70-75 kg

W?,Sohe.ervcd,with the remaining material dlstrihuted among

prrxluct tfinkn. h,nt.e 10SSI?Rfrom the system varied from run to

run, nverng~.nq approxtmatcly 100 kg far ●ach run-
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3. PROCESS MEASUREMENTS

\

The process control instruments in the plutonim

purification cycles at AGNS ars designed to measure (1) volumes

and densities in all static tanlc~and (2) flow rntes of major

feed streams (aqueous feed to the plntonium purification cycles,

aqueous and organic streams to columns). All process

measurement signals are received in the control room; analog

signals are digitized and transmitted to the materials

accounting computer. Process samples are ta)f~n in the plutonium

analytical glovebx at key sampling points (column product

streams, feed points). These samples are analyzed in the

analytical chemistry laboratory and analytical refiultsare fed

into the Idboratory Data Svstem.

The available process and laboratory measurements for the

firnt six miniruns are Bhown in Fty. 1 a~ solid circles,

triangles, or squares. For minirun 7 addition~l measurements

were added in the 2BI’stream (aaueous product from the 2B

column) and to the combined organic wafite etream from the “II”

and wash columns (2RW, 3BW, 3SW), the combined aqueous warste

streams from the “A” columns, and the overheads from the

ccmcentrator (2W, 3AW, 3PI;). The measurement in the 2BP stream

wafiOhtai.netlusing an ‘-a}mmrption-edge (Iensitometpr rlenigned

and ronntructed at Ir,sAlamOs. Mpdmrernents in waste fkream~

W(IYPperformed usinq a Y-x-my fluoresccncr I:poctrome:er

4
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designed at Livermore antiadapted at AGNS to the AGNS process

lines. X-ray fluorescence analyzers also were in6talled in the

lBP and 3BP product streams.

3.1. Volume and Density Measurements

Process volume and density measurements were obtained using

conunercial Taylorh dip-tube manometers that had been installed

during BNFP construction. Tests by AGNS indic.dted a drift in

output as a function of time. Therefore, AGNS personnel

designed an automatic calibration technique (AUTOCAL) for all

volume and density probes [5]. The AUTOCAL system uses a

Rusks** densimeter to corrcci for nonlinearity and drift in

signals from process differential-pressure transmitters. Thus,

transmitters with a stated manufacturer’s accuracy of 5-10% are

corrected te an accuracy of 0.2% [6]. Temperatures of flo~in9

streams are measured using in-line thermocouples, and all

den~ities are corrected for temperature.

3.2. Analytical Lakratory Uranium Analyse~

Process control samples at BNFP are analyzed for uranium

using a modiflr~d Davies-Gray procedure. In the standard

aTayor Models 1302 to 130R, Taylor Instrument Co. , Rochester, NY.

.~~[lnkamodel DDN6000, RURka Instrument Corp. I HouOtOn~ ‘@xas ‘

5
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Davies-Gray method, uranium firet is reduced to the tetravalent

state using Fe(II) in phosphoric acid. Then, the tetravalent

uranium is oxidized quantitatively to the hexavalent state with

dichrornate, and the end point is detected potentiometrically.

The method is capable of precision and accuracy of <0.1%. In

the modified method, the end point is detected calorimetric-

ally. The modified method is rapid, reauiring ~10 min. per

sample, hut accuracy is of the order of 5%.

3.3. L-Edqe knsitometry

For minirun 7, an L-edge densitometer was installed in the

2BP stream by Los Alamos [7]. A flow-through sample cell with a

l-cm path lergth was installed on line to permit continuous

analysis of the flowing sample stream. The instrument was

calibrated for optimum assay rasults between 50-60 g/L. During

mininn 7, the instrument obtained a urani~ concentration

measurement every ~5m5 min with a precision 0.7B. At

concentrations ef 35 g/L, a positive calibration bias of 0.15%

in anticipated.

3.4. K-X-RRy Fluorescence Analyais

An x-rav analysis 6ystem ham?d upon energy-d spersive

K-x-ray analysis was developed for uranium analysis of process

6
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and waste streams. During minirun 7, x-ray fluorescence

detectors were installed in the lBP and 2BP streams and in the

organic and arrueougwaste or recycle streams from the plutonium

purification cycles.

The precision of the x-ray flulJreScence method was reported

to be 2% in the 20-150 g/L concentration range [9]. Matrix

effects ca~~ed by introduction of oi.herheavy metals or by

variations in acid concentration are not included in the data

evaluation methods. The minimum detectable concentration is

0.1 g/L; hence, aqueous waste nd organic recycle streams

anticipated under normal operating conditions could not be

measured. For concentrations in the range of 0.2 to 0.4 g/L, as

normally encountered in the 3BW stream, the precision Is

reported to be 38%.

3.5. Uranium Concen+,ration from Solution 12ensitvand l-i~ity

Measureme~’ s

The density measurement is used in reproce~sing plants for

measuring in-proc(hss inventory, primarily for process control,

and can be uced to determine in-process ~nventory for NRTA. ‘he

method is sensitive to nitric acid concentration and

temperature . A predictive equation for uranihm concentrations

in t}le range 0.05 to 0.6 ~ (12-143 g/L) was proposed by Brodda

[9]. ErrorG in determining uranium concentration are in the

7
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range 0.8-3.9%. Measurements of LWR dissolver solutions with a

relative standard deviation fif O.S-l .2% were reported [10]. Fcz

measurement of uranyl-nitrate product solution, a relative

standard deviation of better than 0.20 was reported.

The Lns Alamos development work at.AGNS for predictive

equations [11] was .Iimedat determining uranium concentration in

kmth a_fueousand 300 TBP in dodecane solutions. Three separate

predictors were developed:

● high-level aqueous U-CALC for 160-400 g urar,ium/L,

● low-level aqueous U-CALC for 1O-RO rnguranium/g, and

● organic U-CALC, 10-90 mg uranium/g and 30% TBP.

4. MINIRUN NFAR.-REAL-TIME MATERIALS ACCOUNTING

Neasurernent data from the AGNS process col~trol

instrumentation, includin~ estimates of random and correlated

measurement uncertainties~ were received hourly in a data file

(ARANGE)= In addition, sample data from the analytical

labratory were added to the AWGE file as they became available

from the Laboratory Data System. Samples for chemical analysis

were taken normally once per shift (see Fiq. 1 for sample

points). Table 1 lists the ARRANGE file data entries for the

seventh minirun. Measurement ?oints used for NRTA are given

R
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along with their respective random and correlated errors. The

instruments were not recalibrated during the miniruns; thus, all

measurements made with the same instrument are correlated for all

accounting periodG.

Three computer programs (RADAR, FUNNEL, and DECANAL) were

implemented at AGNS for analyzing minirun measurement data.

RADAR is a utility code that reads the measurement data from

ARANGE and performs minimal formatting and data

writing the input measurement data file for the

FUNNEL is the executive program that calculates

checking before

FUNNEL program.

materials

balances; it was written specifically for the AGNS minirun

proces6. The program allows the user to select and analyze data

spanning particular time periods and to choose any of several

unit process accounting areas (UPAAC) that include different

process areas. The major UPAAs are

(1) full process UPAA - includes the entire closed loop of

the pluto~ium purification process (Fig. 1), as operated for the
.

miniruns;

(2) column UPAA - isolates the columns in a s~ngle

accounting area bouniledby the lBP tank and the 3P concentrator;

(3) lBP surge tank UPAA - isolates the lBP surge tank with

the plutonium rework tank and the 2AF stream;

(4) PPP UPAA - includes the columns &nd the 3p concentrator

with kmundaries at the lBP surge tank and the Pu ::atchtank
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(alternatively, PPP and sample UPAA--the catch tank can be

included in the UPAA, and the

output trangfer measurement);

(5) tank UPAA - isolates

a separate UPAA.

For a specified UPAA and time

sample tank can be

al,fl

any single tank in

period, the FUNNEL

u~zd for the

the process as

program

combines the raw measured valueG to calculate net tran~fers, acd

in-process inventories and their statistical uncertainties, a?d

transmits them to the decision analysis (DECANA.L)package for

further analysis [12].

5. PULSED-COLUMN ~NVENTORY ESTIMATES

UPAAS tilat included pulsed columns rzquired estimates of

the inverltory Ldsed on measurements of the feed, product, and

waste stream concentrations and flows. Thn estimator [13] has a

form gi’Je,; hy

H = Hf(Cf “ Ff) + H (C “ F’p)+ IIW(CW“ Fw) ,
PP

where H iR the total column invznt.ory;the subscript.. f, p, and

w, renpertively, indicate the feedt prnductt and wa~te streams;

Hf, HI),and Hw are ccinmtant~ related to thp inventory at,

some nominal npcrat.lng conrlitiollkand are det.ennined
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experimentally and through engineering models for eech pulsed

column; C , C , and C
fp

are combinations of mess-are~ and
w

nominal concentrations; and Ff, Fp, and F are
w

combinations of measured and nominal flow rates. We used chi~

estimator in two fores, with the concentration and flow

dependence and with concentration dependence only.

At tl.eend of miniruns 1, 5, 6, and 7, the pulsed columns

were valved-off, the phases Separdted by pulsing, the columns

drained into hoiding tanks, holdinq tank volumes measured, and

samples taken for chemical analysis. Colu~V inventories from

these dumps and from the two forms of the esi:imator are given in

Table 2. These preliminary ccmp? isons show that the ●stimator

is always lower than the column dump measurements. The

estimator that has both concentration and ?1OW rate dependence

for miniruns 1, 5, and 6 agrees with measured values from tl)e

cr~lumndumps within the error of the estimator. Comparisons for

individual columns range from 27% higher to 4E% lower than the

column dumps. AnalyBio of these results is ~lnderway to

determine the factors contributing to these differences and to

refine Lhe estimator nnd the column dump experiments.

6. LOSS-DETECTION SENSITIVITIES

ERtimates for materials los~-deteckion Rcngitivities and

material inwntory and t!lrc~ughputfor nelected accounting arcaa
11
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in the mdniruns are given in Table 3. These eBtimates are for

l-day accounting periods and are based on a fixed-length teat

having a 50@ detection probability and a 2.50 false-alarm

probability. Tl,eyare based on measurement error estimates at

the end of the minirun series

sensitivity estimatea are not

because the rneasureinenterror

ninirun.

(Table 1). Thesz detection

applicable to all the miniruns

estimates were refined with each

The lo~s-detection sensitivity is ‘L4 kg uranium for small

static tanks such ae the interim storage tanks (Fig. 1). This

tank nomally has an inventory of ~GO kg uranium. The

sensitivity is dominated by the concentration measurement error

and the amount of materiul meaeured. A volume balance has a

detection sensitivity of~l.2 L. Because the tank is static,

the detection sensitivity is not a function of time or

Corre],ated measurement’:error~.

Materials balances for large dynamic tankn, such as the lBP

tank, are baned on volume balances because of relatively large

hia’~es between the rework and lBP tark concentration

measurements and the lack of an independent concentration

maafiurement.on the 2AF ~tream. The lBP tank solution volum~ ifi

nnmally in the ranqe of 30u-1500 1,with a ccncent.ration of

~60 q urnn~llm/Lm The daily throughput for the lBP tank in

‘~ld4 kg \~rmnium/L. The volumm l)alane~]la~a ]oas-detection
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sensitivity of ~200 L. A balance based on the volume and a

sinqle concentration meamur~ment in the lBP tank for all streams

h~6 a aen6itivity of %15 kg uranium.

The loaa-fietection senaitivitiee for the column UPA.A

{40-45 kq uranium inventory and 144 kg uranium throughput/day)

and the PPP antisample UPAA (95-100 kg uranium inventory and

144 kg uranium throughput/day) are %12 kg uranium and~18 kg

uranium, respectively These ~enaitivities are dominut.ed by the

transfer mdasurelment errors. The PPP and sample UPAA ham a

larger detection sensitivity principally becaume of the way the

output tranmfers are calculated and becautieo? the larger

in-process inventory. Output trancfers fr@m the PPP and #ample

UPAA are n combination of volume and concentration measurements

in the sample and feed tanks (Fig. 1). This is needed to track

multiple transfers (from catch to kample to feed) du?ing the l-h

mat.erial~ lmlance period.

7. DISCUSSION

NRTA demonstrations during the AGNS minlrunl? show that

materia:tl balanc~n can be drawn in near-real-time u~ing

process-grade meamlrementnm We cannfltemplla~ize thin point

eno~lgtl--uneful information cmn he QxtrRrted f) m prnenan

13
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monitoring data. Although the materials loss-detection

sensitivities achieved for l-day periods generally are not

comparable to i~ternatlonal goals, they illustrate the efficacy

of the NR?A concepts.

Process-grade medsurernents can usually provide estimates of

in-process inventories. Efffirtsto improve these estimates

should concentrate on concentration measurements and on

estimation of solvent-extraction contactor inventories.

Neaaurements of Rlgnlficant feed and product Etraams can

often l-w made on a batch basis. However, measurements of flow

rates and concentratio~s are needed on proces~ streams~

including waste streams, th.t cross accounting area boundaries.

The reprocessjnq facility ia an integrated whole, nnd the

nmte)ials accounting system must address the entire facility.

Thereforel we plan to pa-tic~pate in future AGNS rold run~ to

cnntlnue the d~v@lopm_nt and demonstration of NRTA and tn

~!xplmre mcthndu fox international verification of materials

balances in reprocesninq facilities.
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TABLE 1: Cont~nts of Arranqe Data Setc: AGNS Minirun No. 7

Measurement Point

Data Set No.
Time
Date
Initial Inventory
Pu Storage #l (305)
Pu St. #l (Tnylor)
Pu St. #2 (306)

Pu St. #2 (Taylor)
Pu Rework Tank
Pu Rework (Taylor)
lBP Tank
lBP Tank (Taylor)
2AF (FR205)
2AX (FR543)
113PTank Sample
2AS (FR-63B)

2AP Sample
2A Column (kg U)
2AP
2BX
2BP
2BP
2BP

2BP

3hF

3AX

1 BP
3AS
3AP
3AP

!’1’aylor)
(FR-639)
Densimeter
Sample
L-edge densitometer
Column (kg U)
Butt (FR-633)
(FR-542)
Taylor s Conduu.

(FR-61e)
Sample
(Taylor)

3A Column (kg V)
3BP Densim@ter
Pu Prod. Tank (Sample)
3BX (FP-619)
3RF XRF
3BP Sample
lRP XRF
3B COIUM]I (kg U)
lSF XRF

3PS Column (kg U)
#l Solv. Feed Tank
#l Solv. Feed Sample
3P Concentrator
3P Content.(Taylor)

v

c

v

c

“J

c

v

c

F’
F
c

F

c

w

t!

F
c

c!

c

d

F
F
c
F
c

c!

w

c

c

F

c

r

c’

w

c

w

v

r

v

c

o’ u:orre,ated
random

(0.62)2
6.1xlo-~
(0.6fl)2
6.8X1O-5

(5.3/v)2
7.4X:0-3
(5.3/v)2
4.lXIO-3
4.OX1O-4
5.6x10-5
3.6X1O-3
4.OX1O-4
4.oxla-4
(4.O/kg U)2
6.4”:1,0-4
4.OX1O-4
4.0X13-4
3.6x’o-3
1.OX1O+
(2.O/kg U)2
4.OX1O-4
4.OA:O-4
4.lXIJ”’3
4.oxlo-4
4.OX1O-4
3*4X1O-4
(9.O/kg U)2
4.OX1O-4
3.2x10-4
4.OX1O-4
9.OX1O-4
h6xlu-3
9.OX1O-4

(3.O/kq U)2
0.25
(0.17/kg U)2
4.OX1O-6
4.OXI(-J-2
6.4x10-5
6.1Bx10-5

o
((),~~/v)2
2.4XI0-5
{0.26/V)2

1.lXI.O-3
(4*8fl)2
1.6x10-4
(7.1/1?)2

1.OX1O-2
4.oxlo-4
5.6x10-5
2.2x1o-4
4.OXI.O-4

9.OXIO-A
(4.o,”kgU)2
1.6x10-2
4.OX o-4
2.5x10-~
1.OX1O-4
2.5x10-5
(2.O/kg U)2
4.OX1O-4
4.OX1O-4
2.5X:0-2
4.OX1O-4
9.OX1O-4
I3.4X1O-3
(9.O/’kgU)2
2.5X1O-3
7.5X1O-5
4.OX1O-4
2.2X1O-4
1.OX1O-4
2.2X10-4
(3.O/kg U*2
1.33
(0.17/k~ U)2
2.5x10-J
4.OXIO-2
L6x10-5
1.1X1O-?
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TABLE i (cent)

Pu Gtch Tank v
Pu ~tch (Taylor) c
Pu Prad. Tank v
W Prod. (’Taylor) c

W Storage 43 (304) v
Pu Storage #3 (Taylor) C
2AW Sample c
2BW Sample c
3AW qan?ple c
?. mle c
. c

(o.35fl)2
6.1x10-4

(l*03/v)2

6.1x19-4
(o.57/v)2

6.1x10-4

0.25

[o.17/v)2
2.4x10-5

(o.le/v)2
2.4x10-5

(0.24/V)2
2.4x10-5

0.025
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TABLE 2: Pulsed-Column Inventory Comparison

Inventory (kg U)
Estimator

column Flow Rate and

Minirun _!&!!L Concentration Concentration

1 ao92 74.1 (-7.6a)

5 48.1 45.2 (-6.0%) 40.4 (-16.00)

6 A2.CI 41.6 (-1.00) 37.0 (-11.9%)
7 50.7 40.7 (-30.7%) 38.3 (-34*80)
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TABLE 3: Estimated Materials Loss-Detection Sensitivity

Detection
Inventory Throughput Sensitivity

Accounting Area ~ u) (kg U/day) (kg U)

Small static tank 6P o 4

Large dynamic tank 90-20 i44 11

Columns 40-45 144 12

PPP & sample 95-1oo 144 lB


